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Abstract 
The article describes the materials on the development of intelligent algorithms, hardware and software configuration of 
information-measuring system that automates the stand for the operational life testing of hydraulic machines - oil sediment and 
motors. The cRIO was selected as a basic hardware platform with a set of input-output modules interacting with a personal 
computer via Ethernet interface to start the test and display the results. The intelligence of the system is provided by the 
implementation of artificial neural networks that analyze the stand values and make decisions on its operation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
In order to technological process automation of the product operational life testing of the factories producing 
hydraulic machines, reducing the proportion of defects, increasing the objectivity and observability of the testing 
process is required to develop information-measuring system for collecting, primary processing and transmitting to a 
personal computer information of the temperature, pressure, and flow levels in test stand nodes, as well as to 
develop and implement diagnosis algorithms of the condition of the test hydraulic machine using parameters on the 
PC. 
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2. Equipment And Software Used 
Creating software to solve the problem carried out in the programming environment NI LabVIEW 2013 using the 
module NI LabVIEW FPGA. For the implementation of the system has been used platform NI cRIO-9075 [1] with 
the connected modules: NI 9205 [2], NI 9403 [3], NI 9263 [4]. To supply information-measuring system (IMS) has 
been used module NI PS-15 [5]. Stand contain preset flow sensors (4 pieces), Pressure (4 pieces), temperature 
sensor, speed sensor motor stand. To power the sensors used power supply type BP15B-D2-12 [6]. 
3. Solution Description 
Technological scheme of hydraulic pumps and motors in general can be represented as a flowchart shown in Fig. 
1. 
Presented in Figure 1 is a block diagram of the production of hydraulic technology has some significant 
shortcomings, which appear in the final stages of testing and motor control. According to the requirements hydraulic 
motor should work a certain number of hours on test stands. To monitor the testing process human resources are 
engaged that not only increases the cost of the test phase and slows them. Process slowing of testing due to the 
limited staff time - 8 hours. The eight-hour working day leads to the fact that the pump test, requiring 720 hours of 
trouble-free operation is not reduced to one month of continuous testing, and by 3 months of tests during working 
hours. Automating this process will lead to significant economic and timing benefits. 
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Fig. 1. Flow diagram of the flow process of motors 
To solve the problem of automation of the scheme of electrical block data acquisition module of 
measurement/control unit information-measuring system shown in Fig. 2.  
In Fig. 2 following notation is used: PC - personal computer, providing information processing of information-
measuring system and process control tests, NI cRIO-9075 - control module of data collection process, NI 9205 - 
ADC module recording signals from the output of sensors, PS1 - power supply sensors BP15B-D2-12, PS2 - power 
supply for data collection manage module NI PS-15, FFS1- FFS3 - fluid flow sensors, PS - pressure sensor, TS - 
temperature sensor. 
The electrical block scheme of the control module of the measure/control unit of information-measuring system 
is shown in Figure 3. 
In Fig. 3 the following notation is used: NI 9403 [6] - module digital lines, NI 9263 - DAC module, PS1 - power 
supply unit BP60B-D4-24 for the control module for safety valve (CMSV) EDM-M112 / 20E0 , SV - safety valve 
PRE10-350 / 10N-D24K1 [7-9], YA1-YA4 ON/OFF - electromagnets involved in the process of testing, PK1-PK2 - 
starters AC. 
The unit of measurement/control transmits the values of the measured parameters in the process of hydraulic tests 
on a personal computer connected via Ethernet interface with a frequency of at least sample per second. The 
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measurement/control unit sends the digital control signals to a control unit (7 keys): the keys ON (4 pieces) and OFF 
(3 pieces) of electromagnets installed in the hydraulic system, the keys ON (2 pieces) and OFF (1 key) of starter 
motors AC current. 
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Fig. 2. Block diagram of data acquisition module of measurement/control unit 
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Fig. 3. Block diagram of the control module of measurement/control unit 
Control signals correspond to the next parameters: voltage 0-0.2 V - off; 4-4.5 V - on, current to 2mA, the 
switching frequency - less than 1 Hz. The measurement/control unit provides the ability to supply the analog control 
signal to the control module of pressure control valve in the hydraulic system of the stand-type PRE10-350 / 10N-
D24K1. 
The structure of the software of control system of test stend is shown in Fig. 4. 
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 Fig. 4. The modular structure of embedded software control system for test stand 
The structure of Figure 4 shows that the software (SW) has three levels: the software on a personal computer 
(PC) - the level of PC software on the real-time system (RTS) - the level of RT, the software on the field-
programmable gate array (FPGA) - level FPGA. Each of these levels are associated with each other, the FPGA with 
RT - via the RS232 interface inside the module cRIO, RT with a PC - via an Ethernet interface. At levels of FPGA 
and RT the collecting and primary processing of information is implemented and data is being transferred to the PC. 
At the top level (PC) in system intelligent control algorithms of the conditions of work with the use of artificial 
neural networks was integrated [10, 11]. All the results of the algorithms used directly displayed on the screen in 
real time and saved to a file for further investigation and possible treatment. 
Role of artificial neural network (ANN) [12] in this system is shown in Figure 5. 
Neural networks have been applied in various fields of science and technology [13-19]. Application of neural 
networks in control was to meet quite often in various publications [20]. 
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Fig. 5. The block diagram of the interaction of ANN and the test stand 
Figure 5 shows the following symbols: Ps - signal from the pressure sensor, F1-3 - signal flow sensors, T - signal 
from the temperature sensor. 
188   V.I. Dubrov et al. /  Procedia Engineering  129 ( 2015 )  184 – 190 
Multilayer perceptron with one hidden layer is used as ANN [21]. Based on the scheme in Figure 5 the input 
vector X and output vector Y of the neural network is equal to: 
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,      (1) 
where x0 - bias unit. 
And input vector X compose of numerical values with a range of measured values from 0 to 1 and increments of 
0.01. Output vector consists of the Boolean variables that can take values of either 0 or 1. 
The number of neurons in the hidden layer is equal to the number of neurons in the output layer. The output 
vector A of the hidden layer and respectively output vector Y of the output layer of the neural network is: 
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where 1jiZ  – transfer coefficient values from the i-th neuron of the input layer to the j-th neuron of the hidden layer, 
g(f) - the transfer function of the neuron, 2jiZ  – transfer coefficient values from the i-th neuron of the hidden layer 
to the j-th neuron of the output layer.. At the current task sigmoid function is used:
)exp(1
1)(
f
fg

 . 
The structure of the neural network used is shown in Figure 6. 
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Fig. 6 - The structure of the neural network used 
The main feature shown in Figure 5 scheme is its simplicity and efficiency simultaneously. The output of the 
neural network derived vectors are binary vectors control the test stand. Due to the small amount of data and a 
simple structure of ANN at a satisfactory rate responds to changes in the measured parameters. 
4. Implementation 
The device is embedded at OJSC "Shakhtinskiy zavod Gidroprivod" and is currently in trial operation. 
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